Make just before use. Oxygen free distilled water must be used as a solvent in the solutions of this substrates. Staining procedure : (1) Cut frozen sections of fresh unfixed tissue at 8 ; thick , then put immediately on slides and dry in the air. (2) Immerse for about 1 minute in a solution of equal parts of carbon tetrachloride and petroleum ether, and dry again. (3) Immerse in the mixed substrate for 5 to 10 minutes at less than room temperature, and then wash in running water for 1 minute.
(4) Fix in 10 % neutral formalin for 10 minutes . (5) Wash in running water for 5 minutes and mount in glycerine jelly. Counterstain nuclei if desired with safranine before mounting in glycerine.
The preparations are not permanent . Staining result : Sites of hydroperoxidase activity are shown by a blue precipitates of indophenol blue. The reaction is considered to take place as follows .
Staining
Method II Make just before use. Adjust the pH to about 7.0 by adding Na2HPO4 solution . Inhibitors of this enzyme : KCN, NH2OH • HCI , citric acid, boiling, Carnoy's fluid, cold acetone, cold 80 io alcohol, cold 10 % formalin, and 10 % neutral formalin .
In the process of devising improved methods , tissue sections were stained respectively by several sorts and concentrations of substrates and chromogenic hydrogen donators (Staining method I) or aldehyde indicators (Staining method II) in various combinations , and stained sections were observed for their positive localization and activity under the microscope . Several factors influencing the accurate demonstration of hydroperoxidase activity were also examined . The procedures of those experiments will be given in detail in the later paragraph . In order to prove enzymatic specificity indirectly, sections previously inactivated by several sorts of inhibitors were stained as same as untreated control sections . For the model experiments, crystalline beef liver catalase was prepared by means of Mosimann's simplified method (1951) ,. and was used to confirm the reliability of the results of the experiments mentioned above .
RESULTS

Staining
Method I Stability of substrate : In order to prevent decomposition of unstable hydrogen peroxide, organic and inorganic stabilizers were prepared and their effects were measured manometrically (Table 1 ). The instability of hydrogen peroxide was also measured through a wide range of temperature ( Table 2 ) . The best stablizingg effect was obtained with the mixture including 0.01 % albumin , 0.01 % glycogen and 0.01 % urea in 0.1 M Michaelis's phosphate buffer of pH 7.0 . On no accountt should reacting temperature be higher than room temperature for histochemical studies with H2O2 as substrate.
Chromogenic hydrogen donators : Several chromogenic hydrogen donators were investigated for their color and solubility after reaction by using the crystalline beef liver catalase in test tube (Table 3) . It might be thought that dimethyl para-phenylenediamine, para-phenylenediamine and so called nadi reagent were good as chromogenic hydrogen donators, nadi reagent being especially satisfactory.
Concentration of hydrogen peroxide : Fixed and unfixed sections were stained with various concentrations of hydrogen peroxide as substrate and 1 % nadi reagent.
Optimum concentration of hydrogen peroxide was 0 .1 to 0.05 M for fixed paraffin sections and 0.001 to 0.0002 M for unfixed fresh frozen sections (Table 4) . In higher concentrations of hydrogen peroxide, the substrates themselves acted as hydrogen donators (catalase reaction) and large amount of oxygen gas was produced , only few nadi reagent being oxidized into indophenol blue . On the other hand, a faint and obscure staining reaction was obtained in lower concentrations . Concentration of chromogenic hydrogen donator : Unfixed frozen sections were immersed in variously concentrated nadi reagent with or without 0 .0005 M hydrogen peroxide and their stainabilities were observed respectively.
In another experiment, heat-treated sections (enzymatically inactive) were put on the slides near the fresh frozen sections (enzymatically active), and then deposits of indophenol blue on the inactivated tissues were observed when they were incubated in H2O2 and variously concentrated nadi reagent.
In this experiment , optimum concentration of the nadi reagent was 2 to 0.5 % as shown in Table 5 .
False localization (diffusion and solubility of indophenol blue) : When unfixed pH of substrate : Unfixed fresh frozen sections were incubated in 0 .0005 M hydrogen peroxide and 1% nadi reagent at various pH levels (Table 6 ) . At lower than pH 3.0 , sections were not stained at all. At pH 4.0, only erythrocytes were colored and cytoplasmic staining reaction did not take place , while cytoplas- mic structures were mainly observed to be stained at pH 5.0 to 11.0. It seems that optimum pH of this enzyme may be 7.0 to 8.0 (not so strict). In the case of fixed sections which were incubated in 0.05 M hydrogen peroxide and 1 % nadi reagent at various pH levels, only erythrocytes were stained between pH 4.0 and 11.0.
Effects of inhibitors : Unfixed fresh frozen sections were treated for 10 minutes with the various inhibitors as described formerly and were stained by the procedure of Staining Method I. Non-treated sections were stained as controls.
As another control, substrate without hydrogen peroxide was used in the process of staining. Moreover, fixed sections treated as described above were stained by such histo- And the staining reactions hardly took place in hydrogen peroxide-free substrate.
However, a faint positive reactions appeared on erythrocytes on the sections treated with cold acetone, cold 80 alcohol and cold 10 formalin. The reactions, on the other hand, obtained by those methods mentioned before took place occasionally even in substrate-free mixture, and were relatively heat-stable, insensitive to formalin (tissues kept in formalin for 2 years still give Vol. 11 Table 7 . Comparison between fixed and unfixed sections striking reactions) to acetone and alcohol , very little sensitive to many agents which would promptly destroy practically all the known enzymes , though they were relatively sensitive to acids . Fixation:
The comparison between unfixed frozen sections and paraffin sectio ns fi xed by cold acetone , cold 80 % alcohol and cold 10 % neutral f ormalin was done as summerized in Table 7 . Differences between them with the several items are due to the inactivation of the enzymatic activity (markedly diminished or dest royed) b y several sorts of soft fixation. According to these results , use of unfixed fresh f rozen section should be recommended to demonstrate true hydroper oxidase activity.
Specificity of the method : In the case of fresh frozen sections not only hydroperoxidase but also the closely related enzymes and certain substances may react on chromogenic reagent and hydrogen peroxide concomitantly . The enzymes and substances which are related to the reaction of hydroperoxidase are show n as f ollows : In order to prevent the reactions of these relatives except hydroperoxida se, the f ollowing points were devised : a) Oxygen free reacting medium was used , and in addition, productions of released gaseous oxygen as a result of spontaneous and chain-like decompositions of hydrogen peroxide were prevented by stabilize rs ( cytochrome oxidase and diamine oxidase do not react without oxygen) . b) Tissue sections were dried before staining to destroy sensitive enzyme (cytochrome oxidase) . c) As the chromogenic reagent has an affinity for lipids (M nadi reaction) , tissue sections were immersed in lipid-solvents before staining . The degree of non-specific background staining was negligible when a shorter incubation time like 5 to 10 minutes was used, while the background structures became progressively stained after an incubation for more than 15 minutes as the spontaneous oxidation of the chromogenic hydrogen donator proceeded . Though it is difficult to determine its concentration, the solution can be compared with a known concentration of hydrogen peroxide by the color-reactions using KI .
Frequently, acetaldehyde will be present in this substrate before use , and its can not be distinguished from acetaldehyde released following enzymatic catalysis. Therefore, acetaldehyde was removed before use from monoethyl hydrogen peroxide solution by precipitation with phenylhydrazine and following filtration .
Aldeliyde indicators : Several aldehyde indicators were investigated of their characters (Table. 8 ). Among them , only pheneihydrazine and 2-hydroxy-3-naphthoic acid hydrazide, especially the former gave satisfactory results . Unfixed frozen sections were incubated in about 1 % ethyl hydrogen peroxide solution 10 minutes and then immersed in solutions containing respective aldehyde indicators in the upper 3 cases. In the lower 3 cases, unfixed frozen sections were incubated in the incubation media containing about 1 % C2H5OOH and respective indicators.
When phenylhydrazine combined aldehyde, the reaction completed very rapidly, but the color changed only into white or yellowish white which was not suitable to microscopical observation.
Such a faintly colored precipitant could be coupled with diazonium salts like diazotized o-dianisidine, resulting in highly colored diformazan. As this formazan has an affinity for lipids in some degree, tissue sections were immersed in the lipid-solvents before staining.
Effects of inhibitors : Unfixed fresh frozen sections were treated before staining in just the same way as described in the case of H2O2. Pre-and non-treated unfixed frozen sections, serving as control, were stained following the procedure of Staining Method II. Paraffin sections fixed by cold acetone were also tested by ordinary inhibitors as mentioned before, and then they were stained by Nishiyama & Kobayashi's methyl hydrogen peroxide method (1953 a) and by their ethyl hydrogen peroxide method (1953 b) for catalase.
Pre-treated sections showed a very faint staining reaction, while striking positive reactions occured in non-treated control sections by means of Staining Method II. In this experiment, the result was not so clear in comparison with that described in the case of hydrogen peroxide (The reason is that the concentration of substrate in this case is much higher than in Staining Method I). In Nishiyama & Kobayashi's methods the staining reactions of pre-treated sections were hardly inhibited in comparison with those of non-treated control sections. concerning hydroperoxidase described previously demonstrate not the actual enzymatic activity but non-specific hemoproteins. Therefore, positive sites appeared on only erythrocytes in almost all fixed paraffin sections, while in fresh frozen sections positive sites appeared on the cytoplasms of the tissue cells which were known possessing higher enzymatic activities.
The above conclusion can be supported by the results of inhibition-tests in the present work that non-specific catalysis was insensitive or very little sensitive ro many agents which will promptly destroy practically all the known enzymes.
In addition to the common defects, some methods have several insufficiencies in details as to the characters of chromogenic indicators, the concentration of substrate or others. Especially, in the methods for catalase described by Nishiyama and Kobayashi (1953 a, b) , even if their ideas are worthy, however, the technical procedures themselves are not to be recommended and are beyond the ordinary rules of enzyme-histochemistry in many points. Interpretations of the results : In order to prevent spontaneous decomposition of substrates, several stabilizers were used. The necessary qualities of the stabilizers for use in enzyme histochemistry are : (1) they should not inhibit the enzyme ; (2) they should possess high stabilizing effects. Stabilizing effect markedly increased when several sorts of stabilizers were used in mixture.
The best obtained depending on the above criteria was the mixture of 0.01 % albumin, 0.01 % glycogen and 0.01 % urea in 0.1M Michaelis's phosphate buffer of pH 7.0 (cf. Table 1 ). It can be thought that the mixture of stabilizers does not inhibit enzymatic activity but dissociation of hydrogen peroxide or alkyl mono hydrogen peroxide.
The stability of substrate was influenced by a variety of temperature.
The substrate was rather stable at lower than room temperature (cf. Table 2 ). Fortunately, hydroperoxidase showed the high reactivity in this range of temperature and so the incubation in the staining procedure was performed at lower than room temperature.
As to the necessary qualities of chromogenic hydrogen donators, it is to be required that (1) chromogenic indicator should react as hydrogen donator of hydroperoxidase ; (2) it . should be water-soluble at the pH employed ; (3) it should not inhibit the enzyme ; (4) it should be highly colored and absolutly insoluble in incubating medium when the enzym.e reacts on it ; and (5) resulting colored precipitate should be insoluble in lipids, alcohol and xylene.
The best results were obtained with nadi reagent (cf. Table 3 ) which satisfied all the criteria listed above except the additional one of insolubility in lipids, alcohol and xylene. This defect could be covered since the frozen sections were always immersed in lipidsolvents before staining to prevent false localization.
In the histochemical demonstration of hydroperoxidase activity by so called peroxidase reaction, the concentration of hydrogen peroxide should be as low as possible to well demonstrate enzymatic activity (0.001-0.0002 M in unfixed frozen sections ; cf. Table 4) . If the concentration of substrate is relatively high, catalase reaction mainly takes place in replacement of peroxidase reaction and little chromogenic hydrogen donator plays as donator.
Regarding the concentration of chromogenic hydrogen donator, the non-specific background staining and the inactivation of the enzyme will occur in the case of excessively high concentration of the reagent (cf. Table 5 ). In the optimum concentration (2 to 5 %) it is negligible after the short incubation period (5 to 10 minutes). In another method for hydroperoxidase utilizing so called catalase reaction , monoethyl hydrogen peroxide was selected as the substrate . In order to give an accuracy of localization histochemically , acetaldehyde-free ethyl hydrogen peroxide was used as the substrate of the incubating medium . As the optimum concentration of this substrate was comparatively higher than that of H202 in the case of Method I, monoethyl hydrogen peroxide was also stabilized . Acetaldehydes produced by spontaneous decomposition of ethyl hydrogen peroxide or existed in the incubating medium before use may be condensed to aldehyde-indicators , and colored presipitates may be deposited on the staining materials as the false localizations .
The necessary qualities of an aldehyde indicator for use in enzyme histochemistry of the type now being consictered are ; (1) that it should be sufficiently soluble and colorless at the pH employed (7 .0) ; (2) that it should not inhibit the enzyme ; (3) that it should condense rapidly with the enzymatically released acetaldehyde (as this aldehyde is water-soluble) ; and (4) that the indicator combined with aldehyde :should be absolutely insoluble in the incubating medium . The best results were obtained with phenylhydrazine (cf . Table 8 ) which satisfied all the criteria listed above except the faint change in color after combining aldehyde . Fortunately, the precipitate can be converted highly colored d if ormazan by coupling with diazonium salts (i. e., diazotized o-dianisidine).
This reaction was introduced by Seligman, Gofstein and Rutenberg (1949) as part of the synthesis of an iodized tetrazolium salt and it was stated by them to be specific for aldehydes as opposed to ketor..es. According to these authors the phenylhydrazones of aldehydes couple with diazonium salts in pyridine to form water-insoluble and colored f ormazans.
Pearse (1954) has reported that in paraffin sections exposed to periodic acid the sites which are normally colored by Schiff's reagent are colored reddish brown by phenylhydrazine followed by the stable diazotized o-dianisidine in aqueous pyridine.
As the colored f ormazan has an affinity for lipids, the sections are immersed in lipid solvent before staining in the Staining Method II to prevent false localization. Unfixed fresh frozen sections were used in the procedure of Staining Method II as discussed formerly.
Evidence drived from studies on effects of inhibitors suggests that the enzyme responsible for the positive localization obtained by this method must be identical with hydroperoxidase.
Results obtained by the newly devised methods : The strength and localization of hydroperoxidase demonstrated by the two improved methods, in spite of difference in their mechanisms fairly coincided with each other (cf. Figs. 1, 2, 3 & 4) . The results of this study can be considered to add something to the concept of hydroperoxidase and its physiological significance.
SUMMARY
To cover several defects of histochemical techniques previously used for hydroperoxidase, the following points were considered:
(1) In order to prevent spontaneous decomposition of substrates, stabilizers were used. (2) Use of unfixed fresh frozen section allowed the activity of enzymes to remain so high that most non-enzymatic catalysis like that by hemoproteins could be neglected. (3) Certain systems of reagents were selected so that water-soluble chromogenic indicators would precipitate on the accurate sites where the enzymes were existing. Two modified methods were described to accurately demonstrate the strength and localization of hydroperoxidase activity. In the case of H2O2 used as substrate, hydroperoxidase can be demonstrated by nadi reagent (hydrogen donator) in the process of peroxidase-like oxidation. In the case of C2H5OOH, hydroperoxidase also can be demonstrated by the reaction of phenylhydrazine and diazotized odianisidine with acetaldehyde produced following so called catalase reaction.
The enzymatically positive sites indicated by these two methods, in spite of difference in their mechanisms, fairly coincided with each other, this fact seeming to add something to the concept of hydroperoxidase and its physiological significance. 
